Since the beginning of the 1980s, vertically integrated forest products companies have divested their forestland with much of the new ownership being real estate investment trusts (REITs) and timberland investment management organizations (TIMOs). These new landowners and their associated behavior of intensive timber management and higher and better use conversion has given rise to issues such as land-use change, fragmentation, and conservation. To better gauge harvesting patterns and ownership changes associated with the divestment of forestland by forest industry and the arrival of TIMOs and REITs on the forested landscape, eleven Landsat scenes were used to detect harvest activity within the Alabama counties of Bibb, Hale, Pickens, and Tuscaloosa from 1984 to 2014. Detected harvesting activity was paired with county parcel data and then classified based on landowner type: REITs, TIMOs, forest product industry, government, and non-industrial private forest (NIPF) landowners. Overall harvest trends showed a decrease in harvest rates from 1984 to 2005 with a slight increase in harvest rates after 2005. Per scene interval, acres harvested were highly variable for NIPF and relatively stable for forest industry during this time. Government ownership maintained relatively low and stable harvesting behavior throughout the study period. Acres harvested by REITs was relatively low. TIMOs showed an ever increasing rate of harvest within the study area until the last scene interval (2011)(2012)(2013)(2014).
Introduction
In the last 25 years, numerous vertically integrated forest products companies, corporations who owned everything from the mills to the forestland, have divested of their forestland ownership. This change of forestland ownership has given rise to a diverse new group of landowners: real estate investment trusts (REITs) and timberland investment management organizations (TIMOs). This change in ownership has presented a plethora of concerns regarding land-use change, fragmentation, and conservation due to the nature of these entities' objectives (Turner et al., 1996; Crow et al., 1999; Block & Sample, 2001; Clutter et al., 2005) . Although the long-term outcomes of these concerns are unclear, REITs and TIMOs have been associated with common land use patterns of intensive timber management and higher and better use (HBU) conversion (Bliss et al., 2010) .
TIMOs generally operate on relatively short land management timelines, typically 10 to 15 years. During this time, many forest stands are intensively managed in a plantation setting which include management activities such as site preparation, artificial planting, mechanical, and chemical treatments (Arano & Munn, 2006) . Afterwards, the property is often sold to another investment organization or sold to be converted for HBU such as housing or commercial development (Stein, 2011) . This short timeline raises the concern that more frequent ownership changes will lead to increased forest fragmentation and parcelization rates (Wear et al., 2007) . the early 1980s, the forest products industry owned around 69 million acres of the United States' forestlands and 39 million acres in the Southeast (AL, AR, FL, GA, KY, LA, MS, NC, OK, SC, TN, TX, VA) (Smith et al. 2004) . During this time the top fifteen largest forestland owners were all vertically integrated forest product companies. By 2010, only one of those top fifteen remained with ten of the fifteen becoming TIMOs and four becoming REITs (Stein, 2011) . From 2004 to 2007, industry owned timberland declined by 17.4 million acres while REITs gained 3.4 million acres and TIMOs gained 12.2 million acres in the United States (Harris, 2007) . As of today, REITs and TIMOs manage more than 23 million acres of forestland in the United States (Evans & Myers, 2015) .
The southeastern United States has seen the largest conversion of forest industry timberlands to REITs and TIMOs ownership. This is because, in part, to the region's large and productive forested landbase (Allen et al., 2005; Clutter et al., 2005) . From 1996 to 2004, a total of 18.4 million timberland acres were sold in the Southeast (Clutter et al., 2005) . Louisiana was most impacted at 3.6 million acres in timberland sales with Alabama (2.6 million acres) and Georgia (2.3 million acres) as the next highest. As of 2010, it was estimated that REITs owned 7.7 million acres and TIMOs owned estimated 8.8 million acres in the Southeast (Zhang et. al., 2012) .
This shift in ownership has the potential to impact many southern states economically as well as ecologically, in view of the fact that many have relied of forests and forestland for livelihood for over a century. For example, 70 percent of the state of Alabama is in forestland. It ranks 5th in species diversity in the United States and is the most ecologically diverse state east of the Mississippi River (Stein, 2002) . Sales of forest products and related sectors in Alabama total $11.2 billion as of 2010 (Fields et al., 2013 ). Yet, it ranked second in the amount of timberland sold between 1996 to 2004 (2.6 million acres). During this same time, Clutter et al. (2005) noted large changes in landownership in west-central Alabama from 1996 to 2004. Additionally, companies such as International Paper (IP), a formerly vertically-integrated forest products company which was a major landowner in Tuscaloosa County and surrounding areas, sold all of their land around 2006.
One of the ways to investigate these forested landscape changes is through satellite imagery. Landsat satellite imagery has long been used for monitoring the forested landscape and is a relatively accurate and effective way to document landscape changes for the use of ecological applications (Cohen and Goward, 2004) . Likewise, vegetation indexes, such as the Normalized Difference Vegetation Index (NVDI) and Vegetation Change Tracker (VCT) algorithms have been successfully applied to research regarding temporal and spatial trends and variation in vegetation distribution, productivity and dynamics, monitoring of habitat degradation and fragmentation, and the ecological effects such as drought or fire (Huang et al., 2009; Pettorelli et al., 2005) . Additionally, the use of parcel and property tax assessor's data can allow for harvest activity to be identified by landowner type (Jin & Sader 2006 , Randle et al., 2015 .
More studies are needed to address the effects that the rise of REITs and TIMOs and decline of forest industry forestland ownership have had on the forested landscape (Clutter et al., 2005; Hickman, 2007; Noone et al., 2012) . Therefore, linking harvesting activity with forestland ownership could provide insight to changes to forestland ownership as well as behavioral patterns when forestland is sold over a period of time (Jin & Sader 2006) . The objectives of this research were to: (i) identify the extent of forest industry's divestment of forestland in west-central Alabama during the period from 1984 to 2014 and (ii) assess harvest activity by landowner type during that time.
Methods

Study Area
For this current study we chose to examine landownership change in the west-central Alabama counties of Bibb, Hale, Pickens, and Tuscaloosa. These counties represent diverse landownership, population demographics, and encompass multiple geographic regions and forest types. Also this area has a rich forest history as it was the historical home to the Kaul Lumber Company, a large vertically integrated lumber company of the early 1900s. This area is now home to the Westervelt Company, a large locally-owned vertically integrated company, in addition to other forest products companies. This area is home to the city of Tuscaloosa which is the fifth largest city in the State. Furthermore, programs such as the Forest Legacy Program have placed high conservation priorities on Bibb (Priority 1), Hale (Priority 2), and Tuscaloosa County (Priority 2) (Boyce et al., 2002) . These priorities, which rank areas within the State for conservation need, were set to help protect ecosystems such as dolomite glades, Fall Line Hills longleaf pine forests, and riparian corridors and associated forested wetlands along rivers such as the Sipsey and Cahaba Rivers to the growing human pressure on these biodiversity "hotspots". Pickens County is also of interest as it is one of the highest timber producing counties in Alabama and is 83 percent forested (Alabama Forestry Commission 2011).
Sampling Procedures
Landsat 5 (launched in 1984 and decommissioned in 2013) and Landsat 8 (launched in 2013 and still active) are low Earth orbit satellites that collect imagery at a 15-30-meter resolution. Leaf-on Landsat 5 and 8 imagery taken between the months of March and October with 0 to 20 percent cloud cover was downloaded from Glovis (http://glovis.usgs.gov/) for the following years : 1984, 1987, 1990, 1993, 1996, 1999, 2002, 2005, 2008, 2011, and 2014 for Path/Row 21/37 and 20/37. As designated by the Worldwide Reference System (WRS) global notation system for Landsat data, Path/Row 21/37 and 20/37 encompasses the entirety of the study area. Harvest change detection accuracy increases as imagery dates are closer together, therefore 2 to 3 years between images can allow for suitable detection accuracy for clearcuts as well as forest harvest activity that does not completely remove the overstory canopy (Wilson & Sader 2002) .
Satellite images for each year were converted to Top of Atmosphere (TOA) reflectance for the purposes of improving the use of vegetation indexes (Chander & Markham 2003; USGS, 2015) . For the purpose of vegetation detection, a NDVI, transformed NDVI, Soil-adjusted Vegetation Index (SAVI), and a transformed SAVI were tested with the transformed NDVI giving the best results (Rouse et al., 1973; Huete, 1988) . To avoid agriculture change detection, a forest/non-forest mask was created from the 1996, 2001, 2006, and 2011 National Landcover Dataset and was used to mask non-forested areas by selecting and merging pixels identified as "Deciduous", "Evergreen", "Mixed", or "Woody Wetlands" (Vogelmann et al., 2001; Homer et al., 2007; Fry et al., 2011; Homer et al., 2015) . If needed, a cloud mask was also applied to each scene to avoid false positives as a result of clouds or cloud shadow.
Changes in forest cover were calculated by subtracting the transformed NDVI values of a Landsat image from that of the preceding image with an imagery differencing technique = − + where = pixel value for band and and are line and pixel numbers in the image, = first date, = second date, and = a constant to produce positive digital numbers (Singh, 1989) . Harvest activity was then statistically derived from the average NDVI value by adjusting the threshold by one standard deviation for each scene and then empirically adjusting the thresholds to best fit the scene based on harvesting records from the study area. Each scene was then subsequently reclassified into change and non-change thematic maps. The thematic layer was then converted to polygons and all areas greater than 10 acres were extracted and the resulting image was clipped to the study area. On-screen visual interpretation was then employed to correct errant omissions, remove false positives, and to improve overall accuracy with the aid of Landsat imagery, Google Earth, NDVI change detection rasters, and NAPP Imagery (Borrelli et al. 2014 ). An accuracy assessment via was conducted using harvesting records of known locations and then verified by on-screen visual interpretation. A confusion matrix on a per-pixel basis (n=500) produced an overall classification accuracy of 96.2 percent and a Kappa Index of Agreement of 0.924 (Congalton, 1991) .
For the purpose of detecting harvesting behavior by landowner type, harvest polygons were identified with landowner attribute data as developed for each county. Based on the methods of Randle et al. (2015) , a landowner database was created from property books for each county from the late 1980s and the early 1990s and compared to county tax assessors GIS databases from 2014. Harvest polygons were then categorized into the following landowner types: REITs, TIMOs, forest product industry, government, and non-industrial private forest (NIPF) landowners. 
Results
Landownership Changes
A total of 405,048 acres were identified as being owned by the forest products industry from the late 1980s and early 1990s which comprised 22 percent of the 1,841,000 acres of forestland in the four counties in this current study (Table 2 , Figure 2 , and Figure 3 ). Thirty-one different forest product companies ranging from large corporations to local family mills were found in the study area during this time. As of 2014, the forest products industry retained 44.5 percent of their former ownership in the area. REITs and TIMOs, as of 2014, owned 140,775 acres or 34.8 percent of the previous forest products industry forestland representing over half of the acres in new ownership. NIPF landowners acquired 75,402 acres or 18.6 percent of former forest industry forestland while varying government entities acquired around 8,537 acres or 2.1 percent, respectively. In terms of total ownership, former forest industry timberland only represented 61 percent of the total TIMO ownership within the four counties (Table 2 ). For REITs and forest products industry, former forestry products industry land represented 75 percent and 89 percent, respectably, of their entire landbase. Five and half percent of NIPF landowners Despite the forest products industry, as a whole, selling large amounts of their land from the 1990s to 2014, a few forest product companies acquired roughly 23,000 acres that were not former forest industry land. 
Parcelization
From the late 1980s and early 1990s to 2014, the number parcels owned by forest industry increased at various rates (Table 3) . Tuscaloosa and Bibb Counties showed high rates of parcelization as the result of land sales while Pickens and Hale Counties showed a much lower rate. Increases in parcels were positively correlated to increases of county population but were not statistically significant (Pearson's R = 0.927, P > 0.05). Total change in parcels were positively correlated with total changes in population within an individual county (Pearson's R = 0.959, P = 0.04). 
Harvesting
From 1984 to 2014, a total of 1,159,970 acres or 63 percent of all forestland between the four counties as of 2014 were detected as harvested within the study area (Figure 4 ). This is supported by a report from the USDA Forest Service (1988) who showed that increasing timber removal trends and silvicultural practices at the time during the 1950s through the 1970s would continue into the following decades. Large areas of no harvest activity in Tuscaloosa were because, in part, of land area taken up by the City of Tuscaloosa, the fifth highest populated city in Alabama which covers a total of 44,998 acres. Lack of harvesting in the southwest portion of Pickens County and the southern portion of Hale County correspond with the Black Belt region, a region traditionally associated with crop production agriculture. Vol. 11, No. 4; Harvest acreage by landowner type showed slightly different trends through time ( Figure 6 shows that parcels purchased by TIMOs, classification 0 (parcel was harvested in the same harvest detection interval as it was purchased) had the highest frequency with 1 and 2 classifications having the next highest frequencies respectively. On average, a parcel was harvested 1.17 (+/-1.55, CI 95) scene intervals from when its deed was acquired (P < 0.005). Based on our findings, a parcel has a 50 percent chance that in 1.17 (+/-0.11, CI 95) scene intervals (1 to 5 years) that it will be harvested from the deed is purchased and a 90 percent chance that it will be harvested within 3.16 (+/-0.24, CI 95) scene intervals (1 to 10 years).
TIMO Harvest Behavior
jsd.ccsenet. Vol. 11, No. 4; and pressure for increased shareholder returns (Gunnoe, 2016 IP restructuring resulted from the weak performance of the forest products industry in the 1990s, which included poor shareholder returns (Gunnoe, 2016) . Additionally, some forest products companies had accrued large amounts of debt to enhance their international competiveness by way of consolidations (Block & Sample, 2001) . Rising land price coupled with changing mentality that forestland ownership was no longer necessary to ensure the future availability of raw materials at a reasonable cost led to the forest industry selling their landbase (Hickman, 2007) . The selling of forestlands this way, in part, helped to reduce debt, to help break the trends of weak financial performance, and help to improve returns (Clutter et al., 2005 Trends seen in this study were seen by Randle (2015) in five counties in Southwest Alabama who found that 63 percent of all industry lands were sold to corporate owners; entities that are not connected to wood product mills. Randle, (2015) also found, Cedar Creek and T.R. Miller, 2 large timber products companies, maintained ownership of their lands similar to Westervelt in the Tuscaloosa area. In Northwest Maine, 80% of forest industry land was sold, with 75 percent being sold to TIMOs and the other 25 percent being sold to other industrial land owners (Jin & Sader, 2006) .
Parcelization
In Pickens and Hale County there was little parcel change as a result of companies like Westervelt selling little land resulting in minute parcel change. IP had large landholdings located in Bibb which were sold and resulted in splitting parcels for HBU. For Tuscaloosa, large changes were the result of HBU conversion as companies like Weyerhaeuser and Westervelt developed and/or sold forestland for residential parcels along the Black Warrior River, Sipsey River, and around the city of Tuscaloosa. This is supported by Hartsell and Vissage (2001) who reported for west-central Alabama that roughly 80 percent of land diverted from timberland has been cleared for urban and related land use, particularly around the Tuscaloosa area.
Harvesting
The relatively stable harvesting rates of forest industry until 2008 might be explained for several reasons ( Figure  4) . Westervelt, one of the largest landowners in the study area, would maintain the majority of its landbase. The dip in 2008-2011 also corresponds with the transition of Weyerhaeuser to a REIT in 2010 and closure of several smaller mills after the financial crisis of 2008. To date, Weyerhaeuser's conversion to a REIT has not shown any difference in harvested acres between pre-REIT and post-REIT status.
Harvesting patterns associated with NIPF landowners and to a lesser degree forest products industry follow the cyclical nature of the general economy and this is reflected in the number of harvested acres (Figure 4 ) (Newman & Wear, 1993) . Industry satisfied the supply of timber needs from their own land while procuring additional timber via the open market from NIPF and other landowner types. In 1993, stumpage prices for northern Alabama doubled compared to the 1992 prices as seen in the large spike of harvest acres in shows a decline. In general, NIPF landowners are more sensitive to price change than their industrial counterpart and are more willing to delay a harvest until stumpage prices are more favorable to the landowner (Newman & Wear, 1993) . However, NIPF landowner harvesting behavior, which has become increasingly important as a result of forest industry's divestment of land, is still not well understood (Silver et al. 2015) .
TIMO Harvest Behavior
The increasing harvest behavior with TIMOs mirrors the increase in acres owned by TIMOs in the study area (Figure 4 ). Our study found that a parcel or a portion of a parcel had roughly a 50 percent probability of being harvested in the first 5 years after the parcel is acquired. As TIMOs goals are a product of the maximization of Net Present Value (NPV) which are, in part, are influenced by stand age and surrounding markets. One reason for this behavior is that harvesting occurs after land is purchased to re-coup capital that is spent investing into land. Less likely reason is that growing a stand to X age could lower NPV for a stand over a given timeframe. Additionally, land is harvested by the forest landowner before the land is sold. Jin and Sader (2006) found that TIMOs and short-term investors in Maine harvested a higher percentage than forest industry in the 1990s and early 2000s and found that areas that had no change in ownership were much less likely to be harvested.
The impact that this behavior could have on forest diversity in Alabama is unknown. Zhang et al. (2012) showed that TIMOs and REITs in the Southeast are removing twice the amount of hardwood than is annually grown on their lands and suggested a possible reason for these was that a conversion of hardwood forests to softwood forests is occurring in timberlands owned by TIMOs and REITs. Secondly, as TIMOs operate on short timeframes, typically 10 to 15 years, this behavior could have serious ecological implications in the future due to increased fragmentation and parcelization rates (Wear et al., 2007; Bliss et al., 2010) . As land holdings are continuously traded, land holdings might be broken in smaller and smaller holdings of land even if the landowner type changes. While parcelization could occur between transfer of land from TIMO to another, this trend of parcelization could have effects on subsequent, non-TIMO landowners as well. The amount of acres owned, how the land was acquired, and length of ownership have been shown to be important indicators for management activity levels (Birch et al. 1982) .
Conclusion
The divestment of land by the forest products industry and the arrival of REITs and TIMOs have different magnitudes on multiple scales (Ameyaw, 2013; Randle et al., 2015; Gunnoe, 2016) . These differences are a product of scale as factors such as physiographical regions and differences between local and regional economies (Holling, 2001) . These results begin to illuminate the effects of the decline of forest industry's landbase and an ever increasing TIMO landbase on harvesting rates and management behavior. Also, these results presented in this paper help continue to emphasize the current and potential impacts of local economies and societies (Ameyaw, 2013; Randle et al., 2015) . Secondly, the methods outlined in this paper offer an effective way to monitor harvest behavior in other regions of the state or other states where it might be of interest. Further monitoring would be beneficial in discovering trends throughout the United States concerning REITs and TIMOs. Additionally, monitoring would help elucidate if there is any divergence from current trends of landownership patterns associated with REIT and TIMO ownership. 
